Abstract: Lepidopteran assemblages in Temnosmrečinská dolina valley (High Tatra Mts, Western Carpathians, Slovakia) were investigated. Recent data about the occurrence of lepidopteran species are compared with those which were obtained 55 years ago. Lepidoptera were monitored at seven sites comprising the subalpine to alpine zone of the valley. Fifteen of the originally recorded species were not found, however, the occurrence of six new species was recorded. In total, 61 summer lepidopteran species are known from the Temnosmrečinská dolina valley. The comparison of the recent lepidopteran assemblages shows a decline in species richness, abundance and frequency at individual monitoring sites. It seems that the changes are caused by plant community succession in the valley -overgrowth of dwarf pine, transformation of meadow communities to Calamagrostigetum and overgrowth of peat-bogs, resulting in loss of food resources for adult Lepidoptera.
Introduction
In the years 1946 (July) and 1947 (August) the Temnosmrečinská dolina valley (the High Tatra Mts) was used as a training site for members of the Arctic section of Prague Natural Scientific Club. They trained for a scientific expedition to Spitzbergen. Experts from several scientific branches studied natural conditions in the valley, e.g., climate, plant communities, and lepidopteran assemblages. Some data from the research were published by Hadač (1948) and Brčák (1951 Brčák ( , 1952a . Particularly interesting are the data from Brčák (1952a) , who studied biocoenology of Lepidoptera. His work was the first of its kind in the Czechoslovak scientific literature. No similar studies have been conducted since then. More recently, results of several lepidopterological observations from the High Tatra Mts have been published (e.g., Krampl & Marek 1988; Turčáni et al. 1997; Panigaj & Kulfan 2007) . Many of the scientists have studied lepidopteran assemblages in other mountainous areas, e.g., in the Malá Fatra Mts (Kulfan 2000) , the Polish Tatra Mts (Buszko et al. 2000) , the High Sudetes Mts, Giant Mts (Hrubý Jeseník Mts) in the Czech Republic Liška 2000; Beneš et al. 2000) , Hochharz in Germany (Karisch 1995) , and generally in Europe (Erhardt 1995; Varga 2003; Varga & Varga-Sipos 2005) and SE Russia (Martynenko 2007) . The high mountainous genus Erebia was studied in the Czech Republic by Kuras et al. (2000) . Since plant communities and animal assemblages are evolving throughout the time, the purpose of this research was to find out if changes in the high mountainous area have occurred after 55 years and try to define potential causes of such variations. From this point of view, Lepidoptera are an adequate model subject for such study (Erhardt 1985) . In general, during long-term studies of Lepidoptera, not only species richness and structure of assemblages are monitored, but also the influence of human activities, e.g., mowing, grazing, abandonment (Gutiérrez 1997; Balmer & Erhardt 2000 , Gónzales-Megias et al. 2004 Baur et al. 2006; Hohl 2006 ) and the relationship between Lepidoptera and environmental indicators or climatic changes (Bogss & Murphy 1997; Oostermeijer & van Swaay 1998; Wettstein & Schmid 1999; Kuussaari et al. 2007 ) are studied. In this paper data on Lepidoptera assemblages obtained by Brčák (1952a) (the first research period) with recent data (marked as the second research period 1996-2003) are compared.
Study area
The monitored area is located on a granite base in the western part of the High Tatra Mts (49 • 11 N, 20 • 02 E) (Western Carpathians, Slovakia). It is oriented in a west-east direction. The altitude of the valley is from 1,650 m to 1,900 m above sea level (a.s.l.) in the subalpine and alpine zone. Temnosmrečinské pleso -are located in the area. Short characteristics of habitats (research areas) in the valley as they were divided by Brčák (1952a) are mentioned below and in Fig. 1 .
Site 1: Calamagrostigetum villosae on debris cones (1,680-1,900 m a.s.l.).
Site 2: Northern slope in a mouth of the valley (1,670 m a.s.l.). Place exposed to south with thermophilic vegetation of Festucetum carpathicae.
Site 3: Isles of Calamagrostigetum villosae in thick dwarf pine (1,650 m a.s.l.).
Site 4: Northern border of glacial Nižné Temnosmrečin-ské pleso lake -the area with subalpine vegetation between dwarf pine and northern debris (1,680 m a.s.l.).
Site 5: Lower part of stream between lakes with peatbog (1,700 m a.s.l.).
Site 6: High dwarf pine near glacial Nižné Temnosmrečinské pleso lake (1,650-1,680 m a.s.l.).
Site 7: South debris (1,700-1,900 m a.s.l.). Site 8: Rock faces and peaks over 1,900 m a.s.l. This place was not included in the present study due to lack of time.
Some sites merged continuously with no distinct boundaries. In this study, several changes as compared with the previous research were observed and they are commented in the results and discussion sections.
Material and methods
Observations of adult Lepidoptera were done in the following periods -one week in 1996 (16.-22.VII.), 2000 (7.-14.VIII.), 2003 (6.-10.VIII.) and 1997 (15.-16.VIII.) and in 1999 (2.-3.VII). During the field research all study areas except site 8 were examined according to Brčák (1952a) . The same time (approximately 30 minutes) was spent at each site, an area transect was conducted, i.e., the sites were patrolled in a serpentine pattern and Lepidoptera were identified within a corridor of 5 m (Erhardt 1985) . The data were analyzed with cluster analysis and compared with Brčák's (1952a) results. A comparison was also done by using the Jaccard's index of species similarity (Brčák 1952a also applied this index in his study). The frequency values stated by Brčák (1952a) were impossible to compare because the author described frequency in words but did not publish concrete numbers. Therefore, for comparison, only data on presence/absence were used. Brčák (1952a) and in the present study.
Results and discussion
Brčák (1952a) recorded 55 lepidopteran species in Temnosmrečinská dolina valley. After more then 55 years, 15 of the originally recorded species were not found, namely Coleophora sp., Eana osseana, Phiaris schulziana, Dichrorampha alpinana, Catoptria radiella, Platyptilia calodactyla, Colias croceus, Argynnis paphia, Elophos operarius, Epirrhoe hastulata, Eurois occulta and Emmelia trabealis, although three of them were found near by -Epichnopterix plumella (observed near Kobylie pleso lake), Parnassius apollo (noted at the end of Kôprová dolina valley), Glacies canaliculatus (observed near the Závory saddle). Many of the species were described (only from one site) as rare or isolated -Eana osseana, Dichrorampha alpinana, Platyptilia calodactyla, Ellophos operarius and Epirhoe hastulata (Brčák 1952a) .
Six additional species (not found by Brčák) were recorded -Phaulernis fulviguttella, Eulia ministrana, Udea decrepitalis, Polygonium c-album, Perizoma albulatum and Xestia speciosa. These species are more or less known from high mountain areas. Interestingly, Brčák (1952a) did not record Phaulernis fulviguttella, which presently belongs to dominant species at many sites in the High Tatra Mts, including Velická dolina and Žiarska dolina valleys (leg. Ľ. Panigaj).
A total of 61 Lepidoptera species have been documented in Temnosmrečinská dolina valley (Table 1) . Brčák (1952a) marked eight habitats in accordance with the presence of Lepidoptera in relation to plant communities and some abiotic factors (geographical orientation, sunshine). In the first research period, species such as Plutella xylostea, Erebia euryale, Eulithis populata, Entephria caesiata, Perizoma verberatum, Autographa gamma dominated. In the current study, the most abundant species were Udea alpinalis, U. uliginosalis, Erebia euryale, Entephria caesiata. In general, the number of species in the assemblages decreased at individual sites (Fig. 2) . This is visible at all study sites, with the slightest decline at site 4. Also the frequency of individual species during the 55 years was changed. The number of species occur- Hepialus humuli (L., 1758) Explanation: 1 to 7 -monitored sites; mark in front of slash means presence (+) or absence (-) of species recorded by Brčák (1952a) ; mark behind the slash shows presence (+) or absence (-) of species recorded in the present study.
ring simultaneously on more sites decreased, in contrast to the increasing number of species found only at one particular site (Fig. 3) . This is most obvious in species that were noted at all sites by Brčák Fig. 3 . The number of species found in the second study which are common for all 7 sites is smaller than in the first study. In connection with this, the number of species found only at one site increased. Fig. 4 . Jaccard's index -comparison of similarity of lepidopteran assemblages at sites 1-7 between the first and second research period. Fig. 5 . Cluster analysis -comparison of similarity of lepidopteran assemblages at sites 1-7 during the first research period (1946) (1947) (1952a) -14 species compared to three species in this study.
The results show that the composition of lepidopteran assemblages at individual sites changed during the 55 years. Cluster analysis -complete linkage Fig. 6 . Cluster analysis -comparison of similarity of lepidopteran assemblages at sites 1-7 during the second research period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) .
(McCune 1987) of outcomes from the first research period shows that assemblages are clustered in two groups -sites 3, 4, 1 and partly 2 (sites mostly oriented to the south) and the second group which contains similar sites 5, 7 and partly 6 (sites with a northern orientation) (Fig. 5) .
Cluster analysis of recent observations (Fig. 6 ) marks out sites 5, 7, against sites 3 and 6 and distantly 2 and 1. Site 4 differs significantly from the others.
The assumption that even after 55 years the assemblages at individual sites would be similar was not proven. Several explanations are possible. In the first research period, grazing sheep, which significantly influenced the plant community composition in Temnosmrečinská dolina valley, had finished. When the High Tatra Mts became a National park (in 1949), grazing was stopped. The decrease of wild herbivores abundance (Rupicapra rupicapra tatrica Blahout, 1971 and Marmota marmota latirostris Kratochvíl, 1961) in following years had also a remarkable impact on the composition of plant communities (e.g., Chovancová & Hell 1995; Chovancová 2004; Jamrozy & Peksa 2004) . The relationship between grazing or mowing and species richness/composition of lepidopteran assemblages is controversial. Hohl (2006) observed that extensive mowing and light grazing are the best management practices for maintenance of the diversity of Lepidoptera fauna in Alpine valleys. Termination of human activities in subalpine meadows has a positive effect only in early periods of succession. According to Baur et al. (2006) , the number of characteristic species decreases during the succession progress.
After the ban on grazing in the observed valleys, which was characterized by dominance of nitrophilic species, succession prevailed. This can be compared with the description of plant communities and partly with the photographic documentation published in Brčák's (1.c.) article. Mainly plant community at site 2 changed in comparison with the former composition. The original thermophilic plant community of Festucetum carpaticum has been replaced by monotonous high grass (Calamagrostis sp.) with minimum of flowering plants. This is in agreement with the observations of Erhardt (1985) who noted that in the subalpine region of Swiss Central Alps, species richness of butterflies is in correlation with species richness of vascular plants, and the highest richness is found in abandoned or slightly cultivated grasslands. A corresponding conclusion is also discussed by Balmer & Erhardt (2000) . Former isles of free spaces in dwarf pine at site 3 were reduced by its expansion. Moreover, this site joined with site 6. Therefore, the lowest species richness of generally widely spread species (13 or 14) was found at these sites, thus higher species identity is obvious (Jaccard's index = 42.1%). At site 4, which had rich and diverse plant cover on submerged debris, the highest number of species was observed (33). This is the only site where a certain degree of similarity with the former lepidopteran assemblages was observed (Jaccard's index = 52.2%). The assemblages at the other sites, except site 5, achieved approximately 40% similarity or less (Fig. 4) . According to Brčák (1952a) , the highest diversity of Lepidoptera was found at site 5 (peat-bog). At present, it is in advanced level of drying out and a decline of species richness and abundance were noticed there. Similar long-term changes in the lepidopteran species richness were observed in the Giant Mts by Liška (2000) and in N Iberia by Gutiérrez (1997) . The decrease of the lepidopteran species number can be explained according Erhardt (1985) who observed that species richness of butterflies is highest in the early stages after abandonment of an area and is rapidly reduced when shrubs and trees (in our case dwarf pine) start to grow. The differences in the observations could be also partly due to methodical mistake, since Brčák (1952a) did not mention the method he used to obtain data about frequency and abundance of Lepidoptera at individual sites. In addition, it would be interesting to find out how Lepidoptera assemblages change due to global warming and with increase of hypsometric boundary of the occurrence of some species, e.g., Eulia ministrana and Perizoma albulatum.
Changes in structure of assemblages and abundance, mostly in sense of fauna decline, were also shown in other areas and for other arthropod species. Kulfan & Zach (2004) observed fluctuations in abundance and structure of Lepidoptera in spruce forests in Skalnatá dolina valley (the High Tatra Mts) and ascribed them to climate changes. Changes of lepidopteran species richness in relation to climatic changes (applicable for increase of average temperatures) were also noted by Bogss & Murphy (1997) . Šporka et al. (2002) came to a similar conclusion in a long scale survey of Chironomidae in glacial lakes of the High Tatra Mts. Alterations in high mountain springtails assemblages were observed by Rusek (2004) in Tomanová dolina valley (the High Tatra Mts) throughout a longterm monitoring . Adjustments were noticed mainly at the end of the monitoring period, due to acid rains and changes in plant communities. Rusek (2004) also found upward infiltration of species from lower altitudes that was ascribed to global warming.
The decrease of population density of individual Lepidoptera species may be linked to climatic changes, but more research must be performed. Particularly, Oostermeijer & van Swaay (1998) recognized that significant correlation exists between moisture and acidity (negative) and nutrients and acidity (positive). The observed regression models can be used to determine the sensitivity of butterflies to eutrophication and acidification. Brčák (1952a) suggested that Lepidoptera assemblages in Temnosmrečinská dolina valley depend on climatic factors and plant community compositions, which correlate together. This was also confirmed by the present research, although climatic observations were out of the scope of our study. Alterations in plant communities at individual sites influenced the composition of lepidopteran assemblages. Shifts in habitat relations in the observed lepidopteran assemblages allow draw up a new spatial distribution of the examined sites in the Temnosmrečinská dolina valley according to lepidopteran assemblages (Fig. 1) . We suggest exclude site 4, connect sites 5 and 7, join site 3 with 6, and connect sites 1 and 2.
